The water content reflectometer allows a temporal and spatial assessment in soil water dynamic. This work aimed to study the behavior of the sensor (CS616) for the period measurement in function to the temperature and soil water content. The tests were conducted at State University of Mato Grosso, Tangara da Serra municipality. We used PVC (polymerizing vinyl chloride) pipe to make six recipients (0.1 m diameter and 0.4 m height) and filled them with soil. For each one of them a sensor CS616 and temperature sensor (K type) were allocate in a central position. The soil water content for each recipient were fitted to 0.00; 0.06; 0.11; 0.16; 0.22; 0.27 m 3 m -3 , and the samples were submitted to temperature gradient from 1.0 up to 40.0 °C. Data of temperature, and period response were recorded in a data logger. Notice that the temperature provides changes for period response values (μs), and as greater the soil water content, as greater the temperature influence. From collected data, two models were fitted (linear and quadratic), and compared with manufacturer standard equations. For conditions in that study, the fitted quadratic model provide the best approach for the water soil content prediction.
Introduction
The management of the water soil content is important in agricultural system production, it intends to avoid the deficit or excess of water in soil, providing ideal conditions for crops growth and decreasing irrigation costs (Freitas et al., 2013; Soares et al., 2015) .
Usually there are two methods to obtain soil water content, direct and indirect. In the first one, the soil sample is extracted from the field to the lab for procedures, with no automation (standard method). In the second one, there is not necessity to extract soil sample from the field, providing conditions to automation and faster result obtaining (Gubiani et al., 2015; Souza et al., 2016) .
Among indirect methods, the TDR (Time domain reflectometry) sensors is quick, simple, and robust way to obtain values of water soil content, and it provides a non-destructive method for soil samples (Topp et al.,1980; Skierucha et al., 2012) . A disad-vantage of TDR is the relatively high cost, it is because the TDR needs a separate pulse and sampling unit. An alternative for the TDR is the CS616 water content reflectometer (WCR) sensors (Campbell Sci. Inc., Logan, UT), a type of a transmission line oscillator that operate in the time domain like TDR. The technology embodied in CS616 sensor is quite similar to time domain reflectometers (TDR), however does not needs a separate pulse and sampling unit (Kelleners et al. 2005) .
Usually, sensor manufacturers provide standard equations to soil water content prediction, but several works show that results from that standard equations do not express the real soil conditions, because each soil has a specific features, requiring calibration models (Tommaselli & Bacchi, 2001; Santos et al., 2010; Gonçalves et al., 2011) .
At beginning, for water content soil prediction, there was an another point disregarded, it was the soil temperature (Topp et al., 1980) . However, along the time, researches showed the temperature influence in water soil content prediction by TDR methods. Depending on temperature range, the predicted values of soil water content may achieve variation up to 10.0% (Mittelbach et al., 2012; Jung et al., 2013; Lu et al., 2015) .
The objectives of this study was to analyze soil temperature influence for soil water content prediction by means TDR CS616 sensor and develop calibration equations to use with this sensor, in Dystrophic Red Latosol.
Material and methods
This work was carried out in the Laboratory of Agrometeorology located at the Center for Research, Studies and Agro-Environmental Development (CEPEDA) of the State University of Mato Grosso -UNEMAT, Campus Tangará da Serra, 14°39' S and 57°25' W, with an average altitude of 440 m (INMETNational Institute of Meteorology).
Climate region according to Köppen is tropical wet (Aw), and the average precipitation is 1,830 mm, in which two seasons are defined, one dry and one rainy, being from April to September and October to March, respectively (Dallacort et al., 2011) . The soil was classified as a Dystrophic Red Latosol with a very clayey texture (Embrapa, 2013) .
The procedures in this work were adapted by the methods proposed by Benson & Wang, (2006) and Udawatta et al. (2011) . At the experimental field of UNEMAT, Tangará da Serra Campus, deformed soil samples were collected at November of 2016, in subsequent layers: 0.0-0.2 and 0.2-0.4 m to represent the soil profile. This soil has 415.0 g kg -1 of sand, 147.0 g kg -1 of silt and 438 g kg -1 of clay, (Inoue et al., 2010) .
The soil samples from each layer were sifted by means sieve mash number 2 and placed in the oven (105 °C) to dry for 24 hours. After, predetermined weights for each 5 cm increment of soil were packed to a desired bulk density of 1.1 Mg m -3 in a calibration cell. The calibration cell was a polyvinyl chloride (PVC) pipe with sealed bottoms, 0.4 m long and 0.1 m diameter. Note that to fill the calibration cell we followed the same sequence of soil layer from field. The height of profile soil inside of the calibrations cell was 0.3 m. Avoiding preferential flow of water through the internal calibration cell walls, we applied paraffin. For each calibration cell, one CS616 sensor manufactured by Campbell Scientific (Campbell Sci, 2004) , and one temperature type K sensor were inserted. Both of them sensors were attached in a Data Logger for data registration. Gravimetric soil moisture percentage at the beginning and end were evaluated to assure no moisture loss during the study.
The water content in the sieved soil was adjusted by spraying the soil with the required amount of distilled water. It was assigned six soil water content levels (0.00; 0.06; 0.11; 0.16; 0.22; 0.27 m 3 m -3 ). The value "zero" was not used to fit the model, because it has not a physic meaning. The top of the calibration cell was sealed with plastic after compaction to prevent evaporation. The calibration cells were conducted by cooling to warming, soil temperature range was from 1.0 up to 40.0 °C, and then measuring the period with the WCR (CS616). The calibration cell was cooled using a refrigerator and warmed using an oven.
The collected data was tidied and submitted to the analyses of variance and regression analysis, linear (eq. 1) and quadratic (eq. 2), to verify the behavior of the variables, at a 5% probability level using by means of R statistical software (R Core Team, 2017) .
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Fitted equations were compared with standard equations provided by sensor CS616 manufacturer (eq. 3 and eq. 4). 
Where: θ = volumetric water content (m 3 m -3 ); T = period (micro seconds; µs). Performance of fitted equations were assigned by the root mean square error (RMSE) (eq. 5). Simulations are considered to be excellent with RMSE < 10%, good between 10-20%, fair between 20-30%, and poor > 30% (Loague & Green, 1991) .
Results and discussions
Analyzing the temperature effect for period values, there was more period variation for greater values of volumetric water content. Notice that difference increases between the first and third quartile from 0.0 up to 0.27 m 3 m -3 (Figure 1 ). The sensibility behavior of period for temperatures is function of the water content level, and it may vary proportionally by changes in water soil content (Benson & Wang, 2006; Lu et al., 2015) . We found in this study an uniform response of the period for soil water content 0.0 m 3 m -3 (Figure 2 ). However, regarding the water content raise from 0.06 up to 0.27 m 3 m -3 , specially between 5.0 and 20.0 °C, the period increases with increasing temperature. For temperatures greater than 20.0 °C, there is a trend to minimize the period ascendancy. Figure  2) . Thus, these findings indicate that soil-specific calibrations with temperature compensation should be developed to obtain better predictions of soil volumetric water content. Regarding analysis of variance for the period, and temperature variables, we found a significant effect for both of them at 1.0% level, for linear and quadratic model (Table 1) . ns No significant; * Significant at 5% probability; ** Significant at 1% probability.
Once both variables (period and temperature) were significant for soil volumetric water content, a linear and a quadratic model were fitted, equations 6 and 7, respectively. 
Where: θ is volumetric water content (m 3 m -3 ), T is the period (µs) and C is the soil temperature (°C).
Both of them fitted model achieved deterministic coefficient around 98.0%, and all parameters were significant (5.0%) by test-t. Comparing RMSE is possible to note that quadratic fitted model provides the best predictions values (Table 2) . Regarding the method from Loague & Green (1991), we found excellent score for both of them fitted equations (linear and quadratic), with a smooth advantage for the quadratic model. About manufacturer equations, the linear and quadratic equations provided a good and poor score, respectively.
Others factors may influence on period measurements by means CS616 sensor, especially the clay content (Udawatta et al., 2011; Ojo et al., 2015) . We observed that the soil moisture instrument calibrations developed by the manufacturers for a general proposing are not always adaptable for use under field conditions. Therefore, it is important for scientists and irrigation professionals who use that newer sensors to control soil water content, proceed the calibration of the sensors to ensure good results (Logsdon, 2009 ).
Conclusion
The temperature variable influences in period measurements by means CS616 sensor. We found greater variations between temperatures 5.0 and 20.0 °C, and there is more period variation for greater values of volumetric water content. About the use of TDR sensor to predict soil water content, there is a recommendation to consider the temperature variable. For conditions in this study, the quadratic regression model was the best fitted model to describe the relationship between volumetric water content, period and temperature, with root mean square error of 5.58.
